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Table 1. Controlled vocabularies used in the project

Figure 4. Correlation of number of genes and proportion of true sentences for gene-cancer relations and gene-compound
relations
Left diagram: gene-cancer relations. Right diagram: gene-compound relations. The data were classified according to the
proportion of true sentences per gene. Shown are the number of genes in each frequency class. True sentences have been
assigned evidence codes other than ‘false positive’ . During the thorough annotation process another set of 80 genes was
identified as being false positive cancer genes, as none of the associated sentences could be classified as a true statement.

Figure 6. Distribution of genes over NCI thesaurus cancer and compound concepts
Left diagram: cancer concepts. Right diagram: Compound concepts.
For each concept the number of genes with at least one existing gene-cancer or gene-compound relation is shown for a) all
4,685 genes that have been classified as being true cancer genes by a first rough manual screening (predicted cancer-related genes),
b) the 1000 genes in the pilot study before manual annotation (pilot cancer-related genes), and c) the 1000 genes in the pilot study
after manual annotation (annotated pilot cancer-related genes). 

Figure 7. Integration of gene-cancer and gene-compound data in the BioXM Knowledge Management framework
As an example the IL13 gene and its relations to cancer types and compounds as well as other interesting entities is shown. The
screenshot depicts how relationships of genes, cancer, and compounds can be modelled as networked biological systems in the context
of a clinically related project environment.
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The National Cancer Institute (NCI) aimed to address the issue of mapping biological terms in common use to unique 
concepts by building their NCI Thesaurus1, a reference terminology covering a broad area of basic and clinical science. 
This thesaurus contains nearly 110,000 terms in approximately 36,000 concepts partitioned into 20 sub-domains, 
which include diseases, drugs (compounds), anatomy, genes, gene products, techniques, and biological processes, 
among others, all with a cancer-centric focus in content. To expand the cancer gene section of the NCI Thesaurus to its 
full extent, a systematic approach was needed to collect all possible human cancer genes and to annotate the 
relationship of the concepts "gene”, "cancer types” and "compounds” based on controlled vocabularies. NCI partnered 
with Biomax to enhance the cancer gene relationships contained in the NCI Thesaurus.  As defined by NCI, the goal of 
the project was to produce a complete list of all cancer-related genes currently known in the public domain; defined 
by all validated relationships between the concepts "gene”, ”cancer” and "compound” found in the literature. Each 
relationship would include manual annotation that specifies the role of the gene in the corresponding cancer. It was 
necessary that these relations be extracted from the literature and annotated using controlled vocabularies (Table 1).
The project was organized into automatic and manual processes (Figure 1). The automatic process was designed to 
provide a superset of possible gene-to-disease or gene-to-compound relationships, while the subsequent manual 
steps ensured the specificity of the extracted relations. For automatic text mining, Biomax BioLT Literature Mining Tool 
was used to analyze the MEDLINE®5 database for the meaningful co-occurrence of specific cancer or compound terms 
with human gene names. The results of the automatic text mining procedure were stored in a relational database and 
underwent manual validation and annotation. The goal of this step was  to judge the automatic text mining results 
and to add annotation to the gene-cancer and the gene-compound relations. 

  
 
.

  

The annotation service as well as the infrastructure for a robust, distributed work environment was
provided by Biomax. The established framework also facilitated the use of various controlled vocabularies for manual 
annotation.
We screened 8.8 million MEDLINE abstracts, containing ~58 million sentences from 1975 to June of 2004 for occurrence 
of gene-cancer and gene-compound relations. In total about 17,000 gene names co-occurred with at least one cancer 
term, which reduces to approximately 8,000 individual genes. To identify genes that are truly associated to cancer, we 
manually screened the associated MEDLINE sentences for each gene. In a first rough screening, genes were scored as a 
true cancer related gene, when at least one sentence mentioning the gene together with a cancer term contained a 
true association. Of the 7,867 individual genes, 4,685 genes were scored as "true” cancer associated genes, 1,083 as 
"suspect” and 2,099 as "false”. One thousand of the genes scored as being true cancer associated genes were selected 
randomly for a detailed manual annotation in a pilot study. The distribution of the number of sentences containing 
gene-cancer and gene-compound relations for the 1000 selected genes is shown in Figure 2.
The 1000 selected genes underwent a careful and thorough manual annotation process. For each of these genes, 
annotators read all the cancer-term and compound-term associated statements (sentences and/or abstracts) and 
added evidence and roles to each relevant statement. Evidence codes were assigned to qualify the assertion made in 
the statement in respect to the association of the cancer or compound term to gene name. Role codes describe, in 
general, the semantic association of the gene and the corresponding cancer or compound term (Figures 3, 4,  5, 6). 

Summary
As with many research groups, the NCI was faced with the problem of populating a reference terminology with 
biologically meaningful content so that interoperability and data sharing can facilitate company- or institute-wide 
projects. The NCI Thesaurus was improved by applying a strategy combining automatic text mining and intensive 
manual validation and annotation. Initially 8.8 million MEDLINE abstracts were extensively and thoroughly mined for 
significant associations of cancer terms, compounds, and genes. About 4,700 genes have been identified as being 
related to cancer.  For 1000 genes all existing gene-cancer and gene-compound relations identified in MEDLINE 
sentences have been thoroughly validated and manually annotated. 
The valuable cancer gene data set developed in this project will be available from the NCICB6, but is also integrated in 
the BioXM system, an information and knowledge management system developed by Biomax (Figure 7). This allows 
scientists to model a disease area in relationship to current knowledge to obtain an integrated view of the processes in 
the context of networked biological systems, including metabolic pathways, signal transduction pathways and 
regulation. The combination of extensively annotated cancer gene data and a sophisticated knowledge management 
suite provides the scientists in the field with a unique research reference framework.
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Figure 1. Project overview

Workflow for the extraction of all gene–cancer and gene–compound relationships from the current literature. 

1

10

100

1000

10000

Chemical_or_Drug_Activates_Gene_Product

Chemical_or_Drug_Affects_Expression

Chemical_or_Drug_Affects_Gene

Chemical_or_Drug_Affects_Gene_Expression
Chemical_or_Drug_Affects_Gene_Product

Chemical_or_Drug_Affects_Gene_Product_Expres...Chemical_or_Drug_Affects_Gene_Product_Function

Chemical_or_Drug_Binds_to_Gene_Product
Chemical_or_Drug_Changes_Expression

Chemical_or_Drug_Has_Target_Gene_ProductChemical_or_Drug_Induces_Gene_Expression

Chemical_or_Drug_Induces_Gene_Product_Expre...

Chemical_or_Drug_Inhibits_Gene_Product

Chemical_or_Drug_Is_Metabolized_By_Enzyme

Chemical_or_Drug_May_Affect_Gene

Chemical_or_Drug_May_Affect_Gene_Product

Chemical_or_Drug_Regulates_Expression

Chemical_or_Drug_Regulates_Gene

Chemical_or_Drug_Regulates_Gene_Product
Chemical_or_Drug_Represses_Gene_Expression

Chemical_or_Drug_Represses_Gene_Product_Exp...

Gene_Affects_Compound

Gene_Product_Affects_Compound

Gene_Product_Antagonizes_Chemical_or_Drug

Number of items

Number of sentences Number of genes

1

10

100

1000

10000

100000

Gene_Anormaly_has_Disease-Related_Function
Gene_Anormaly_May_have_Disease-Related_Fun...

Gene_Associated_With_Disease
Genexpressed_in_Disease

Gene_Expression_Changed_in_Disease
Gene_Expression_Upregulated_in_Disease

Gene_is_Biomarker_of

Gene_Malfunction_Associated_With_Disease
Gene_May_Be_Associated_With_Disease

Gene_Product_Affects_Disease

Gene_Product_Affects_Disease_Process

Gene_Product_Anormaly_has_Disease-Related_F...Gene_Product_Anormaly_May_have_Disease-Rel...

Gene_Product_Expressed_in_Disease

Gene_Product_is_Biomarker_of

Gene_Product_Malfunction_Associated_With_Dis...

Number of items

Number of Sentences Number of genes

G
en

e_
An

or
m

al
y_

ha
s_

D
is

ea
se

_R
el

at
ed

_F
un

ct
io

n

G
en

e_
An

or
m

al
y_

M
ay

_h
av

e_
D

is
ea

se
_R

el
at

ed
_F

un
ct

io
n

Gen
e_

As
so

cia
te

d_
W

ith
_D

ise
as

e

G
en

e_
E

xp
re

ss
ed

_i
n_

D
is

ea
se

G
en

e_
E

xp
re

ss
io

n_
C

ha
ng

ed
_i

n_
D

is
ea

se

G
en

e_
E

xp
re

ss
io

n_
D

ow
nr

eg
ul

at
ed

_i
n_

D
is

ea
se

G
en

e_
E

xp
re

ss
io

n_
U

pr
eg

ul
at

ed
_i

n_
D

is
ea

se

G
en

e_
is

_B
io

m
ar

ke
r_

of

G
en

e_
M

al
fu

nt
io

n_
A

ss
oc

ia
te

d_
W

ith
_D

is
ea

se

G
en

e_
M

ay
_B

e_
A

ss
oc

ia
te

d_
W

ith
_D

is
ea

se

G
en

e_
P

ro
du

ct
_A

ffe
ct

s_
D

is
ea

se

G
en

e_
P

ro
du

ct
_A

ffe
ct

s_
D

is
ea

se
_P

ro
ce

ss

G
en

e_
P

ro
du

ct
_A

no
rm

al
y_

ha
s_

D
is

ea
se

_R
el

at
ed

_F
un

ct
io

n

G
en

e_
P

ro
du

ct
_A

no
rm

al
y_

M
ay

_h
av

e_
D

is
ea

se
_R

el
at

ed
_F

un
ct

io
n

G
en

e_
P

ro
du

ct
_E

xp
re

ss
ed

_i
n_

D
is

ea
se

G
en

e_
P

ro
du

ct
_i

s_
B

io
m

ar
ke

r_
of

G
en

e_
P

ro
du

ct
_M

al
fu

nc
tio

n_
A

ss
oc

ia
te

d_
W

ith
_D

is
ea

se
Ch

em
ica

l_
or

_D
ru

g_
Ac

tiv
at

es
_G

en
e_

Pr
od

uc
t

Ch
em

ica
l_

or
_D

ru
g_

Af
fe

ct
s_

G
en

e

Ch
em

ica
l_

or
_D

ru
g_

Af
fe

ct
s_

G
en

e_
Ex

pr
es

sio
n

Ch
em

ica
l_

or
_D

ru
g_

Af
fe

ct
s_

G
en

e_
Pr

od
uc

t

Ch
em

ica
l_

or
_D

ru
g_

Af
fe

ct
s_

G
en

e_
Pr

od
uc

t_
Ex

pr
es

sio
n

Ch
em

ica
l_

or
_D

ru
g_

Af
fe

ct
s_

G
en

e_
Pr

od
uc

t_
Fu

nc
tio

n

Ch
em

ica
l_

or
_D

ru
g_

Bi
nd

s_
to

_G
en

e_
Pr

od
uc

t

Ch
em

ica
l_

or
_D

ru
g_

Ch
an

ge
s_

Ex
pr

es
sio

n

Ch
em

ica
l_

or
_D

ru
g_

Ha
s_

Ta
rg

et
_G

en
e_

Pr
od

uc
t

Ch
em

ica
l_

or
_D

ru
g_

In
du

ce
s_

G
en

e_
Ex

pr
es

sio
n

Ch
em

ica
l_

or
_D

ru
g_

In
du

ce
s_

G
en

e_
Pr

od
uc

t_
Ex

pr
es

sio
n

Ch
em

ica
l_

or
_D

ru
g_

In
hi

bi
ts

_G
en

e_
Pr

od
uc

t

Ch
em

ica
l_

or
_D

ru
g_

Af
fe

ct
s_

Ex
pr

es
sio

n

Ch
em

ica
l_

or
_D

ru
g_

Is
_M

et
ab

ol
ize

d_
By

_E
nz

ym
e

Ch
em

ica
l_

or
_D

ru
g_

M
ay

_A
ffe

ct
_G

en
e

Ch
em

ica
l_

or
_D

ru
g_

M
ay

_A
ffe

ct
_G

en
e_

Pr
od

uc
t

Ch
em

ica
l o

r_
Dr

ug
_R

eg
ul

at
es

_E
xp

re
ss

io
n

Ch
em

ica
l_

or
_D

ru
g_

Re
gu

la
te

s_
G

en
e

Ch
em

ica
l_

or
_D

ru
g_

Re
gu

la
te

s_
G

en
e_

Pr
od

uc
t

Ch
em

ica
l_

or
_D

ru
g_

Re
pr

es
se

s_
G

en
e_

Ex
pr

es
sio

n

Ch
em

ica
l_

or
_D

ru
g_

Re
pr

es
se

s_
G

en
e_

Pr
od

uc
t_

Ex
pr

es
sio

n

G
en

e_
Af

fe
ct

s_
Co

m
po

un
d

G
en

e_
Pr

od
uc

t_
Af

fe
ct

s_
co

m
po

un
d

G
en

e_
Pr

od
uc

t_
An

ta
go

ni
ze

s_
Ch

em
ica

l_
or

_D
ru

g

1

10

100

1000

10000

Epithelial_NeoplasmGerm_Cell_NeoplasmGiant_Cell_Neoplasm

Hematopoietic_Cell_Neoplasm

Melanocytic_Neoplasm

Meningothelial_Cell_NeoplasmMesenchymal_Cell_Neoplasm

Mesothelial_Neoplasm

Mixed_Neoplasm

Neoplasm_of_Uncertain_Histogenesis

Neoplastic_Polyp

Neuroepithelial_Perineurial_and_Schwann_Cell_Neoplasm

Odontogenic_NeoplasmRetinal_Cell_NeoplasmSex_Cord-Stromal_TumorSpindle_Cell_Neoplasm

Breast_Neoplasm

Cardiovascular_Neoplasm

Connective_and_Soft_Tissue_Neoplasm

Endocrine_Neoplasm

Eye_Neoplasm

Gastrointestinal_NeoplasmHead_and_Neck_Neoplasm

Hematopoietic_System_Neoplasm

Nervous_System_Neoplasm

Peritoneal_and_Retroperitoneal_Neoplasms

Reproductive_System_Neoplasm

Respiratory_Tract_Neoplasm

Skin_Neoplasm
Thoracic_Neoplasm

Urinary_Tract_Neoplasm

Number of genes

Predicted cancer-related genes Pilot cancer-related genes Annotated pilot cancer-related genes

Anti-Infective_Agent

Radiopharmaceutical_Compound

Antineoplastic_Agent

Unclassified_Chemotherapy_Agent

DNA_Binding_Agent

Cell_Differentiating_Agent
Signal_Transduction_Inhibitor

Antimitotic_AgentFolate_Antagonist

Polyamine_Inhibitory_Agent

Antimetabolite

Antineoplastic_Antibiotic
Angiogenesis_Inhibitor

Biological_AgentProtective_Agent

Protein_Synthesis_Inhibitor

Enzyme_Inhibitor
Therapeutic_Hormone

Analgesic_Agent

Biological_Response_Modifier

Photosensitizing_AgentDrug_Natural_Product
Chemopreventive_Agent

Hormone_AntagonistBioreductive_Agent

1

10

100

1000

10000

Adjuvant

Number of genes

E
pi

th
el

ia
l_

N
eo

pl
as

m

G
er

m
_C

el
l_

N
eo

pl
as

m

G
ia

nt
_C

el
l_

N
eo

pl
as

m

H
em

at
op

oe
tic

_C
el

l_
N

eo
pl

as
m

M
el

an
oc

yt
ic

_N
eo

pl
as

m

M
en

in
go

th
el

ia
l_

C
el

l_
N

eo
pl

as
m

M
es

en
ch

ym
al

_C
el

l_
N

eo
pl

as
m

M
es

ot
he

lia
l_

N
eo

pl
as

m

M
ix

ed
_N

eo
pl

as
m

N
eo

pl
as

m
_o

f_
U

nc
er

ta
in

_H
is

to
ge

ne
si

s

N
eo

pl
as

tic
_P

ol
yp

N
eu

ro
ep

ith
el

ia
l_

P
er

in
eu

ria
l_

an
d_

S
ch

w
an

n_
C

el
l_

N
eo

pl
as

m

O
do

nt
og

en
ic

_N
eo

pl
as

m

R
et

in
al

_C
el

l_
N

eo
pl

as
m

S
ex

_C
or

d_
S

tro
m

al
_T

um
or

S
pi

nd
le

_C
el

l_
N

eo
pl

as
m

B
re

as
t_

N
eo

pl
as

m

C
ar

di
ov

as
cu

la
r_

N
eo

pl
as

m

C
on

ne
ct

iv
e_

an
d_

S
of

t_
Ti

ss
ue

_N
eo

pl
as

m

E
nd

oc
rin

e_
N

eo
pl

as
m

E
ye

_N
eo

pl
as

m

G
as

tro
in

te
st

in
al

_N
eo

pl
as

m

H
ea

d_
an

d_
N

ec
k_

N
eo

pl
as

m

H
em

at
op

oi
et

ic
_S

ys
te

m
_N

eo
pl

as
m

N
er

vo
us

_S
ys

te
m

_N
eo

pl
as

m

P
er

ito
ne

al
_a

nd
_R

et
ro

pe
rit

on
ea

l_
N

eo
pl

as
m

R
ep

ro
du

ct
iv

e_
S

ys
te

m
_N

eo
pl

as
m

R
es

pi
ra

to
ry

_T
ra

ct
_N

eo
pl

as
m

S
ki

n_
N

eo
pl

as
m

Th
or

ac
ic

_N
eo

pl
as

m

U
rin

ar
y_

tra
ct

_N
eo

pl
as

m

A
nt

i-I
nf

ec
tiv

e_
A

ge
nt

A
dj

uv
an

t

R
ad

io
ph

ar
m

ac
eu

tic
al

_C
om

po
un

d

A
nt

in
eo

pl
as

tic
_A

ge
nt

U
nc

la
ss

ifi
ed

_C
he

m
ot

he
ra

py
_A

ge
nt

D
N

A
_B

in
di

ng
_A

ge
nt

C
el

l_
D

iff
er

en
tia

tin
g_

A
ge

nt

S
ig

na
l_

Tr
an

sd
uc

tio
n_

In
hi

bi
to

r

A
nt

im
ito

tic
_A

ge
nt

Fo
la

te
_A

nt
ag

on
is

t

P
ol

ya
m

in
e_

In
hi

bi
to

ry
_A

ge
nt

A
nt

im
et

ab
ol

ite

A
nt

in
eo

pl
as

tic
_A

nt
ib

io
tic

A
ng

io
ge

ne
si

s_
In

hi
bi

to
r

B
io

lo
gi

ca
l_

A
ge

nt

P
ro

te
ct

iv
e_

A
ge

nt

P
ro

te
in

_S
yn

th
es

is
_I

nh
ib

ito
r

E
nz

ym
e_

In
hi

bi
to

r

Th
er

ap
eu

tic
_H

or
m

on
e

A
na

lg
es

ic
_A

ge
nt

B
io

lo
gi

ca
l_

R
es

po
ns

e_
M

od
ifi

er

P
ho

to
se

ns
iti

zi
ng

_A
ge

nt

D
ru

g_
N

at
ur

al
_P

ro
du

ct

C
he

m
op

re
ve

nt
iv

e_
A

ge
nt

H
or

m
on

e_
A

nt
ag

on
is

t

B
io

re
du

ct
iv

e_
A

ge
nt

Neoplasm by site Neoplasm by morphology

Biomax Solutions Inc. 
200 Main Street, Suite 201, Falmouth, MA 02536 - USA 
+1 508 495-3801
www.biomaxsolutionsinc.com

Figure 2. Dot-plot of sentence counts for the gene-cancer and gene-compound relations
For each gene (blue diamonds) the number of associated sentences is shown for the gene-cancer (x-axis) as well as the
gene-compound (y-axis) relationship. Genes with cancer but no compound relationships are not displayed on this
logarithmic graph. Cancer genes belong to one of four groups, depending on how many text relationships are found. 
Group1: Few sentences (≤ 10) associated with both cancer and compounds.
Group2: Genes with extensive literature relating to both cancer and compounds.
Group3: Compound-focused genes.
Group 4: Cancer-focused genes.
One example gene belonging to each group is labelled (HIPK homeodomain interacting protein kinase 1; MMP8 matrix
metalloproteinase 8; IL13 interleukin 13; GRB10 growth factor receptor-bound protein 10; BRCA2 breast cancer 2, early onset).
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Figure 3. Percentage of sentences annotated with major evidence codes for gene-cancer and gene-compound relations.
Left diagram: gene-cancer relations. Right diagram: gene-compound relations. More than one evidence code could be assigned for
each sentence. In total 89,598 sentences containing gene-cancer relations were annotated. Of those about 36,000 sentences were
classified as false positive (not shown in the graph).  124,265 sentences containing gene-compound relations were annotated.  About
69,000 of these sentences were classified as false positive (not shown in the graph). EV-AS-NAS: Non-traceable author statement; 
EV-AS-TAS: Traceable author statement; EV-COMP-*: Inferred from computational analysis;  EV-EXP: Inferred from experiment; 
EV-EXP-IDA-*: Inferred from direct assay; EV-EXP-IEP-*: Inferred from expression pattern;  EV-EXP-IGI-*: Inferred from genetic interaction; 

EV-EXP-IMP-*: Inferred from mutant phenotype; EV-EXP-IPI: Inferred from physical interaction; EV-IC:   Inferred by curator.

Figure 5. Distribution of annotated sentences containing gene-cancer and gene-compound relations and number of  genes
over major role codes
Left diagram: gene-cancer relations. Right diagram: gene-compound relations.
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Gene name Synonyms 348,373 48,387 14%
Unique 31,239 14,595 47%

Cancer term Synonyms 80,78 27,177 34%
Unique 35,314 15,245 43%

Compound term Synonyms 11,817 2,79 24%
Unique 3,254 1,651 51%

Evidence code 35 - -
Role code 62 - -
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